Objectives: Evaluation of effects of postoperative (PO) facet nerve continuous thermal radiofrequency neurotomy (CTRFN), nerve root pulsed RF (PRF) and triamcinolone with hyaluronidase injection on outcome of patients undergoing open lumber discectomy. Patients & methods: Seventy patients were allocated into the following groups: Group S underwent open discectomy alone and Group M underwent open discectomy followed by the three adjuvant procedures. Low back pain (LBP) severity was assessed using numeric rating scale (NRS) and disability was assessed using the Oswestry Disability Index (ODI). Primary outcome measure was at least 50% improvement of NRS and ODI. Secondary outcome involved scoring of pain medication requirements, Odom's criteria for improvement of preoperative abnormal findings and patients' satisfaction. Results: Throughout 12-m follow-up, mean NRS and ODI scores of all patients were significantly lower than preoperative scores with significantly lower scores in group M than in group S. Frequency of patients had P50% improvement which was significantly higher in group M than in group S.
Introduction
Lumbar disk herniation (LDH) may give rise to a compression of one or more nerve roots, which can lead to a nerve root irritation, a so-called radiculopathy, with or without a sensorimotor deficit [1] .
Therapeutic approach for low back pain (LBP) secondary to LDH ranges from conservative medical interventional management to surgery. Various studies have confirmed the effectiveness of surgery in the initial management of LDH [2] . While the procedure is not usually technically difficult, satisfactory clinical results require not only precise surgical technique but also precise evaluation of indications with good correlation between clinical and radiological findings and specifying nerve root compression by the herniation as the source of the pain [3] .
Failed back surgery syndrome (FBSS) is defined as persistent pain more than 3 months after any form of spinal surgery [4] . The etiology of FBSS depends on age, pathology and the interval between the first and the revision surgery [5] . In young patients the etiology of FBSS is commonly a recurrence of herniation whereas in the elderly population persisting pain might be due to secondary sagittal unbalance associated, as a consequence, with adjacent disk disease or pseudarthrosis [6] .
Dealing with FBSS patients is far from simple but it corresponds to daily practice for spine surgeons. Clinical and radiological assessments should include a full diagnostic work-up focusing on sagittal balance. Surgical treatment and reoperation might be an option if a consistent source of pain is detected [7] .
Due to its multifactorial origin, FBSS is often difficult to treat. Overall, the literature provides very limited guidance on the comprehensive management of patients suffering from FBSS. There are rehabilitative interventions and behavioral protocols that demonstrate promise. Pathways based on medication management remain difficult to clearly define [8] .
A population-based study in Finland found that about 14% of all primary lumbar discectomies required additional surgical interventions; however, Wallis implant is probably incapable of reducing the incidence of recurrent herniations [9] . Moreover, Hegarty & Shorten [10] reported a frequency of persistent pain after lumbar discectomy of 37% and found prediction models of development of persistent pain need further studies to be validated.
These data indicated the necessity for maximizing the chance of success for the initial surgical interference to minimize the frequency and/or severity of FBSS. Thus, the current study tried to evaluate the effects of immediate postoperative (PO) continuous thermal radiofrequency neurotomy (CTRFN) of median branch of the facet nerve, nerve root pulsed RF (PRF) and intraluminar injection of triamcinolone and hyaluronidase on the outcome of patients underwent open discectomy for lumber disk herniation (LDH).
Patients & methods
The current study was conducted at Neurosurgery and Anesthesia Departments at Hospitals of Cairo Faculty Medicine, Nasr Institute and some private hospitals since Jan 2013 till June 2014 to allow a follow-up period for one year for the last case operated upon. The study protocol was approved by Local Ethical Committee of the participating centers. All enrolled patients signed written fully informed consent for study participation, mode of randomization for study groups and procedures assigned for each group. Patients fulfilling inclusion criteria were asked to choose a closed envelop out of heterogeneously arranged similar envelops to determine the group to be enrolled in: Group S included patients assigned for open discectomy as a single therapeutic procedure and Group M included patients assigned to receive single-setting multiple procedures including open discectomy, median branch of facet nerve CTRFN, nerve root PRF and intraluminal injection of steroid and hyaluronidase enzyme.
Inclusion criteria included chronic pain occurring daily for at least 20 h throughout at least the last 3 months and refractory to conservative treatment for 6 weeks with duration of the current attack <2 weeks. Pain and/or numbness involve lumbar spine, buttock and extending to lower extremity. All patients underwent physical examination for signs consistent with nerve root compression and MRI for assuring diagnosis of unilateral single level LDH that anatomically coincided with the patient's symptoms and signs detected clinically.
Anesthetic technique
All procedures were performed in operating room under general anesthesia. General anesthesia was induced with Thiopental (4-5 mg/kg), fentanyl (2 lg/kg), midazolam (0.05 mg/kg), and atracurium (0.5 mg/kg). Anesthesia was maintained by isoflurane inhalation () and fentanyl 1 lg/kg/h was used as intraoperative analgesia. Heart rate (HR), systolic, diastolic, mean arterial blood pressure (MABP) and oxygen saturation were non-invasively monitored throughout the surgery. Bradycardia and hypotension were defined as heart rate (HR) <60 beat/min, and MABP <65 mmHg and treated with atropine or ephedrine 5 mg IV, respectively.
Intraoperative blood loss included volume of blood suctioned from the surgical field and blood collected by sponges. The volume of blood transfusion was calculated by number of transfused blood units during the operation.
After extubation, patients were transferred to the postanesthesia care unit (PACU). Immediate postoperative (PO) pain sensation was recorded at the time of PACU arrival and 10, 20, and 30 min thereafter using visual analogue scale (VAS) (0-10 cm: 0 = no pain, 10 = the worst pain possible) [11] and rescue analgesia as intravenous morphine 2 mg given on VAS P 4. Time till first request of analgesia, total analgesic requirement for the first 24 h and frequency of anesthesiarelated complication during PACU stay were recorded.
Procedural techniques
All enrolled patients underwent open discectomy using unilateral posterior approach for paraspinal exposure of a posterolateral discal hernia. The procedure was performed as described previously by Wiltse and Spencer [12] . After skin closure and while patients are still anesthetized and in prone position, patients of group M underwent the additional procedures, while those of group S were discharged to the PACU.
Facet denervation of median branch of the facet nerve by thermal continuous radiofrequency (CRF)
Target level was verified with C-arm at the junction of the transverse process and the base of the superior articular process of the facet joint (FJ). With C-arm in oblique position to check needle trajectory and position, an 18-gauge, 100 mm insulated RF needle with 5 mm active tip was inserted through the sterilized skin and docked onto target point. Motor testing using 2 Hz at 3 V with 1-ms pulse duration was performed without any extremity muscle contraction. The needle was placed parallel to the nerve. Then, a 5-mm active tip electrode was used to create a single lesion at 80°C for 120 s parallel to medial branch [13] .
Nerve root pulsed radiofrequency (PRF)
PRF was done at 42°C for 120 s. During each second of a PRF treatment, 2 bursts of 20-millisecond intervals delivered alternating current (500,000 Hz) to the surrounding tissue. The active 20-ms phase was followed by a 480-ms phase for heat dissipation. The voltage output was 45 [14] .
Intraluminar injection of Triamcinolone and Hyaluronidase
A 20 gauge Tuohy needle was inserted approximately 2-3 cm so that the needle went into the interspinal ligament. Then, a syringe containing air was attached to the needle and the needle was inserted slowly, 1-2 mm at a time until no resistance was felt. When the location of the needle was identified in the epidural space through the interspinal ligament, 2 ml triamcinolone 40 mg/ml and 1500 IU hyaluronidase were injected [15] .
Outcome evaluation

Primary outcome involves the following:
-Pain severity was assessed using an 11-point numeric rating scale (NRS) with numbers from 0 to 10 where 0 indicates no pain and 10 indicates worst pain imaginable. NRS was chosen for being more practical than the graphic visual analogue scale, easier to understand for most people, and does not need clear vision, dexterity, paper, and pen [16, 17] . Back pain NRS was assessed preoperatively, at time of hospital discharge and every 3-m till the end of one year followup. -Disability secondary to pain was assessed using the Oswestry Low Back Pain Disability Questionnaire which is one of most widely used back-specific disability measurement tools in both clinical work and research [18, 19] . The questionnaire included 10 sections for evaluation of pain intensity, personal care, lifting, walking, sitting, standing, sleeping, sex life, social life and traveling. For each section the total possible score is 5: if the first statement is marked the section score = 0; if the last statement is marked, it = 5. If all 10 sections are completed the calculated score is 50. Oswestry Disability Index (ODI) was calculated as follows: patient' score/total possible score multiplied by 100. If one section was missed or not applicable the total score must be 45 and so on. The ODI scores are grouped into five categories: 0-20 minimal, 20-40 moderate, 40-60 severe disability; 60-80 crippled and 80-100 indicates that the patient is either bed-bound or exaggerating his/her symptoms [19, 20] . -The primary outcome measure was at least 50% improvement of NRS and ODI scores [21, 22] .
Secondary outcome involves the following:
-Pain medication requirements pre-and post-treatment were recorded using a 0-4 point scale with 0: no medication, 1: over-the-counter medications, 2: nonopioid prescription medications, 3: as needed opioid prescription medications, 4: scheduled opioid prescription medications. -Odom's criteria include 4 grades: Excellent means relief of all preoperative symptoms and all abnormal findings were improved; Good means minimal persistence of preoperative symptoms and all abnormal findings were either unchanged or improved; Fair means definite relief of some preoperative symptoms, while other symptoms were either unchanged or slightly improved; Poor means all preoperative symptoms and signs were unchanged or exacerbated [23] . -Patients' satisfaction with the procedure and willingness to receive treatment again if pain persists. Patient's satisfaction was assessed with a 4-point scale questionnaire, ranging from 4 points (very satisfied) to 1 point (very dissatisfied). Willingness to receive treatment again was checked in a similar fashion using a 5-point scale questionnaire, ranging from 5 points (definitely will) to 1 point (definitely will not).
Statistical analysis
Sample size was calculated using the standard nomogram proposed by Kraemer & Thiemann [24] who defined a sample size of 30 patients was sufficient to detect a difference at the 5% significance level and give the trial 60% power [23] . The study included 35 patients per group so as to properly evaluate the primary outcome and thus override the limit of 60% power. Sample size and power were re-calculated and assured using Power and Sample Size Calculation Software program provided by Department of Biostatistics, Vanderbilt University. Obtained data were presented as mean with standard deviation, numbers and percentages. Results were analyzed by One-way ANOVA with Bonferroni multiple comparison for inter-and intra-group comparisons and Chi-square test (X2 test) for non-parametric analysis of numbers and ratios. Statistical analysis was conducted using the SPSS (Version 15, 2006; SPSS Inc., Chicago, IL, USA) for Windows statistical package. P value <0.05 was considered statistically significant.
Results
The study included 70 patients allocated into two equal groups showed non-significant difference as regards enrollment data as shown in Table 1 .
Adjuvant procedures consumed additional theater time that induced significantly (p < 0.05) longer theater time in group M compared to duration of discectomy only. Time till first request of rescue analgesia was significantly (p < 0.05) longer, while the frequency of doses of rescue analgesia and total used dose of rescue analgesia was significantly (p < 0.05) lower in group M compared to group S. There was non-significant (p > 0.05) difference between both groups as regards duration of discectomy, amount of IO blood loss, number of transfused units and PO hospital stay. Details of operative and immediate PO data are shown in Table 2 .
Throughout 12-m follow-up period, mean NRS scores of all studied patients were significantly (p < 0.05) lower compared to their preoperative scores with significantly (p < 0.05) lower scores of patients of group M compared to those of patients of group S (Fig. 1) . The frequency of patients who had decrease of their preoperative NRS by P50% was significantly (p < 0.05) higher with significantly (p < 0.05) higher total percentage of decrease in group M compared to group S (Table 3 , Fig. 2) .
Similarly, at the end of 12-m follow-up period, mean ODI scores of all studied patients were significantly (p < 0.05) lower compared to their preoperative ODI scores with significantly (p < 0.05) lower scores of patients of group M compared to that of patients of group S. The frequency of patients who had decrease of their preoperative ODI score by P50% was significantly (p < 0.05) higher, but with nonsignificantly (p < 0.05) higher total percentage of decrease in group M compared to group S ( Table 3 , Fig. 2 ).
Patients of both groups showed significant (p < 0.05) reduction of scoring of consumed analgesics both as frequency and as total scoring. However, patients of group M consumed significantly (p < 0.05) less PO analgesics compared to patients of group S. Patients' evaluation of the extent of pain relief and resumption of activity, at the end of follow-up, was significantly (p < 0.05) higher in group M compared to group S. Patients' distribution according to overall satisfaction by procedural outcome was significantly (p < 0.05) higher in group M compared to group S ( Table 4 ).
Discussion
All patients passed uneventful intraoperative (IO) and immediate PO course without evident surgical or anesthetic complica- tions or significant difference between both studied groups. Intraoperative blood loss induced non-significant alteration of hemodynamic measures compared to baseline measures and only 8 patients (11.4%) required IO blood transfusion. The choice of one-level surgery could explain the minimized blood loss and frequency of blood transfusion. In support of such attribution, Zou et al. [26] found significant differences between one-level and two-level discectomy in bleeding volumes, IO blood transfusion and in final drainage. Patients of group M showed significantly lower PO pain scores and consumption of rescue analgesia with significantly shorter duration of hospital stay. This favorable immediate PO course could be attributed to the effect of injected steroids owing to its suppressive effect on nociceptive cytokines. In line with these findings, Jirarattanaphochai et al. [27] found peridural methyl-prednisolone and wound infiltration with bupivacaine reduced PO pain and cumulative morphine consumption dose after posterior lumbosacral spine surgery for discectomy, decompression, and/or spinal fusion without complication. Rasmussen et al. [28] documented that epidural methyl-prednisolone enhances recovery after discectomy for herniated disk disease manifested as significant reduction of hospital stay and number of patients with neurologic signs. Ranguis et al. [29] also reported that epidural steroids significantly decreased PO analgesic consumption, length of stay and increased the possibility of returning to full-time work at 1 year without significant adverse events. Recently, Jamjoom & Jamjoom [30] reviewed literature aimed at examining the efficacy of the use of IO epidural steroids in lumbar disk surgery and found relatively strong evidence for its effectiveness in reducing pain and consumption of analgesia in the early PO stage. Aljabi et al. [31] reported that intraoperative application of epidural corticosteroids significantly reduces PO pain, length of PO stay and duration to return to daily living activities following lumbar discectomy.
Addition of hyaluronidase to injected steroid was suspected to magnify its effects as previously documented by Rahimzadeh et al. [32] who found adding hyaluronidase to the epidural injection of a mixture of bupivacaine 0.5% and triamcinolone was effective in the management of chronic low back pain in patients with failed back surgery syndrome. Also, Ko et al. [33] found that in patients with lumbar radiculopathy, the rebound pain that occurs within 2-4 weeks after the injection of the routine regimen can be reduced when hyaluronidase is added to the routine selective nerve root block regimen.
Concerning the main problem, that is low back pain (LBP) and subsequent disability with its impact on quality of life (QOL), the reported significant reduction of both NRS pain scores and ODI compared to preoperative scores, in both groups illustrated the beneficial effect of discectomy as a line of management for such cases. In support of this finding, Veresciagina et al. [34] suggested that sufficient decompression clinically improved the health-related QOL parameters. Sedighi & Haghnegahdar [35] documented that surgery for lumbar disk herniation is effective in reducing radicular and Data are shown as mean ± SD and numbers; percentages are shown in parenthesis. LBP, irrespective of applied surgical approach but laminectomy achieved significantly better outcome compared with other methods. Lubelski et al. [36] reported that pain, disability and QOL and psychosocial outcomes improved after primary and revision discectomy, but the improvement diminished after revision discectomy. Adjuvant procedures provided superior outcome manifested as significantly lower 12-month NRS scores compared both to preoperative and to corresponding scores of patients received discectomy alone. Such beneficial effect of adjuvant procedure was also manifested as significantly lower consumption of analgesics and ODI scores in conjunction with higher patients' satisfaction scores in group M compared to group S. Moreover, the frequency of patients had P50% reduction of preoperative LBP and ODI score was significantly higher in group M (65.7% & 60%, respectively) compared to group S (37.3% & 34.3%, respectively).
Unfortunately, there was no single study used such combination of adjuvant procedures, but the reported superior outcome of patients received adjunct procedures over discectomy alone go in hand with previous studies evaluated each of these adjuvant procedures separately as a single therapeutic modality or as an adjunct to other therapeutic modalities for management of chronic LBP wherein Burnham et al. [37] reported that radiofrequency neurotomy (RFN) provides safe and significant short-term improvement in pain, analgesic requirements, function, satisfaction, and direct costs reduction in patients with chronic LBP of facet origin. Klessinger [38] retrospectively studied 1490 patients treated with lumbar RFN and reported a significant pain reduction in 65% of these patients.
MacVicar et al. [39] reported that chronic LBP, mediated by the lumbar medial branches, can be stopped and patients fully restored to normal living, if treated with RFN. Jeong et al. [40] demonstrated that endoscopic RFN of medial branch could be an effective alternative treatment modality for chronic LBP originating from facet joints and provided long-term pain relief. Kanchiku et al. [41] suggested that percutaneous radiofrequency facet joint denervation is a safe, longlasting, and effective treatment for chronic facet joint pain.
Recently, McCormick et al. [42] demonstrated a durable treatment effect of RFN for lumbar facet syndrome at longterm follow-up, as measured by improvement in function, pain, and analgesic use with improved function and pain by P50% in 58% and 53% of individuals. Akinduro et al. [43] conducted a systemic review for studies comparing IO use of epidural steroids in lumbar discectomy surgery versus discectomy alone and concluded that there is good evidence that epidural steroids can decrease pain in the short term and decrease the usage of PO narcotics after lumbar spinal surgery for degenerative spinal disease, but with non-significant increased frequency of infection. Kim et al. [44] found that the mean duration of relief after initial RFN following microscopic discectomy was 9.2 months, while the mean duration of relief after secondary RFN was 9 months.
The target for using such combination of adjuvant modalities is to take the advantage of each and so augmenting the LBP relieve. In support of this target Roy et al. [45] reported that combined RFN and steroid nerve block produced sub- stantial improvement in terms of long-term pain relief and QOL where NRS showed pain relief after the procedure by 85%, 78%, 65%, and 59.5% at 1, 2, 6, and 12 months and Roland-Morris QOL score was 7.6 and 8.5 at 6 and 12 months after the procedure compared to preliminary score of 18. Lakemeier et al. [46] found intraarticular steroid infiltration or radiofrequency denervation appears to be a managing option for chronic function-limiting LBP of facet origin with favorable short-and midterm results in terms of pain relief and function improvement, but improvements were similar for both modalities. Koh et al. [47] documented that transforaminal epidural injection (TFEI) provided significant short-term pain relief and pulsed RF can be applied in conjunction with TFEI to achieve higher treatment efficacy compared with TFEI alone.
It could be concluded that open discectomy provided significant improvement of LBP and disability secondary to lumber disk herniation. Discectomy with adjuvant therapy including PRF, CTRFN and triamcinolone and hyaluronidase intraluminar injection significantly improved outcome compared to discectomy alone. 
